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ABSTRACT: The chemical and sorption properties of clay minerals from the Mako area, Senegal,
were investigated using FTIR spectroscopy, X-ray diffraction, scanning electron microscopy
equipped with an X-ray energy dispersion spectrometer, thermal analysis and chemical analysis. The
clay sample is essentially dominated by kaolinite and quartz as also shown by treatment with
ethylene glycol and dimethylsulfoxide (DMSO). The clay fraction of this natural clay was
organically modified by grafting with 3-aminopropyltriethoxysilane (APTES) in order to improve
significantly its retention ability of heavy metals. The silane groups of the APTES reagent were
partly grafted on the surface of platy kaolinite particles and the remaining ethoxy groups could be
hydrolysed by aqueous treatment. The natural clay, its clay fraction and the organo-functionalized
clay (with APTES) were investigated as adsorbents for the removal of Pb(II) from aqueous solutions.
Evidence for an organic grafting has been demonstrated by comparing the spectroscopic
characteristics of the natural clay and those of its chemically modified derivatives. The effects of
different parameters (i.e. initial Pb(II) concentration and contact time) on the adsorption efficiency
were studied. For an initial concentration of 10 mg Lÿ1 Pb(II), the adsorption was maximized after
30 min contact time both for the raw material and its clay fraction and after 90 min for the APTES
grafted clay. Although the maximum of sorption for the APTES grafted clay is reached with slower
kinetics, this maximum amount of Pb(II) uptake at room temperature (Xmax) is significantly higher
since it is 0.99 mg gÿ1 for the raw clay, 1.46 mg gÿ1 for its clay fraction and 3.02 mg gÿ1 for the
organically modified clay, i.e. three times greater than the raw clay.
KEYWORDS: kaolinite, functionalized clay, hybrid material, amino-compound, retention capacity, heavy metal
removal, lead.
Kaolinite [Al4(Si4O10)(OH)8] is an important clay
mineral having widespread applications in ceramics,
in the manufacture of paper (as coating pigment and
filler), ink, paintings (as extender) and additives for
rubber and polymers. The most important applica-
tions of kaolinite are in papers on the ceramic,
cosmetics and pharmaceutical industries (Harvey &
Murray, 1997; Murray, 2000). The sorption proper-
ties of kaolinite (Sari et al., 2007; Wang et al.,
2011) lead to applications in the fields of heavy
metal and radionucleides retention (Gupta &
Bhattacharyya, 2008; Jiang et al., 2009). The
intercalation of metallic cations or organic species
is very difficult to achieve (Theng, 1974) because
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of its very low cation exchange capacity (CEC).
Adsorption generally occurs on the external crystal
surface of kaolinite while the CEC results from
protonation/deprotonation and isomorphous substi-
tution of Al for Si in the tetrahedral sheets (Grim,
1953; Chi & Eggleton, 1999).
Artisanal activity of lead recycling from used
batteries causes many environmental pollution
problems in Senegal. Such activity causes lead
(but also arsenic and antimony) contamination of
both ground and surface water used for drinking
and crop irrigation. In addition to battery recycling
activity, paint manufacturing in Senegal also
contributes to the increase of lead concentration in
the environment. For these reasons, Senegal and
most part of Africa will face in the near future a
grave problem of heavy metal pollution and the
implementation of solutions is mandatory.
Several works dealing with sorption of heavy
metals onto clay minerals, especially montmorillon-
ite, have been reported (Mercier & Detellier 1995;
Celis et al., 2000; Lagadic et al., 2001; Vengris et
al., 2001; Yariv, 2002). The sorption capacity of
kaolinite and of clay minerals in general can be
enhanced by modifying their surfaces with organic
ligands that introduce Lewis base functionalities to
the materials (Lothenbach et al., 1997; Malakul et
al., 1998). The development of hybrid organic-
inorganic matrices has attracted great interest owing
to their growing applications in several areas such
as nanotechnology, environmental engineering and
clay sciences (Dennis et al., 2001; Beall, 2003;
Go´mez & Sanchez, 2004; Groisman et al., 2004;
Paul & Robeson, 2008). The most important
methods used to prepare organo-clays are (i) inter-
calation reactions (via the soft guest displacement
method or impregnation of organic moieties),
(ii) covalent grafting, for instance with organosilane
(Tunney & Detellier, 1993; Vansant et al., 1995;
Tunney & Detellier, 1997; Nakagaki et al., 2004;
He et al., 2005; Shanmugharaj et al., 2006; Tonle et
al., 2007; de Faria et al., 2010; Shu-qin et al.,
2012) or alcohols such as n-alkanols, diols, long-
chain glycol mono-ethers, etc. (Letaief & Detellier,
2008) and (iii) replacement of the exchangeable
cations by organic molecules (Yariv, 2002; Xi et
al., 2007). This last method is widely used for
smectites, but leads generally to a small organic
content when it is applied to kaolinite due to its
very low CEC value.
In the course of a general program aimed at the
study of natural clay minerals and their applications
(Bouna et al., 2010, 2011; Mbaye et al., 2012), this
paper reports the characteristics and properties of a
natural clay from the Mako area in the south-
eastern part of Senegal. The clay fraction and
organically modified derivatives were also investi-
gated. Instrumental methods such as FTIR spectro-
scopy, X-ray diffraction, scanning electron
microscopy equipped with an X-ray energy disper-
sion spectrometer, thermal analysis and elemental
analysis, performed on the raw clays or its clay
fraction and their DMSO or ethylene-glycol
intercalates show that the natural clay mineral
used in this work consists mainly of kaolinite and
that the most important impurity is quartz. In order
to enhance the adsorption performance of this
natural clay, currently used as raw material in
pottery and building, the clay fraction was isolated
and grafted with 3-aminopropyltriethoxysilane
(APTES). The clay samples and the APTES
grafted organo-hybrid material were tested as
sorbents for the uptake of heavy metal such as
Pb(II) from aqueous solutions. The adsorption
characteristics of the natural and the APTES
modified clays were investigated as a function of
the contact time and the amount of initial Pb(II) and
the sorbent in the aqueous solution with the
objective of optimizing the removal process.
EXPER IMENTAL
Origin of the clay and geological setting of the
sampling area
The clay samples were collected from the Mako
area (12º52’0 N and 12º20’60 W). Mako is part of
the Ke´dougou-Ke´nie´ba inlier (KKI) in the south
eastern part of Senegal (Fig. 1). The Gambia River
and the Senegal River (Fale´me´) cross this region.
The KKI (Fig. 1) is the western most exposed part
of the Palaeoproterozoic Birrimian terrain and is
commonly divided into two supergoups, Mako and
Diale-Dale´ma. The Mako supergroup comprises
associations of volcanic rocks (basalts, basaltic
andesite, andesite and rhyodacite) and subvolcanic
(microdiorites and microgabbros), in intercalation
with sets of volcano-sedimentary rocks (tuffs,
cinerites and greywackes) and sedimentary rocks
(limestone, sandstone and mudstone). The geology
of the KKI has been the subject of several geological
and map studies (Barruseau et al., 2009; Sarr et al.,
2011). The raw clay from Mako was labelled ArgB
and its clay fraction (<2 mm) K-Mako. This latter
material was extracted using standard sedimentation
procedures (Holtzapfell, 1985).
Chemical reagents
Lead nitrate (PbNO3, ACROS), aminopropyl-
triethoxysilane (APTES, ACROS) dimethylsulf-
oxide (DMSO, Fischer Scientific) and toluene
were used without further purification.
Characterization methods
The chemical composition of the clay samples
was determined by inductively coupled plasma-
optical emission spectrometry using an ICP-OES
Iris Advantage ERS instrument equipped with a
radially viewed torch (Thermo Scientific). Samples
were powdered and fused in a Pt crucible with
ultra-pure LiBO2. After cooling at room tempera-
ture, the fused clay was dissolved in 1 N HNO3.
XRD patterns of the kaolinite and modified organo-
kaolinite were obtained on a Philips PW 1800
diffractometer using Cu-Ka1 radiation (l =
0.15406 nm) and a scanning range 1ÿ70º 2y with
a step size of 0.02º/s. A LEO435VP scanning
electron microscope (SEM) equipped with an X-ray
energy dispersion spectrometer (EDS) was used to
characterize the morphology of clay particles and to
perform point elemental analysis. Infrared transmis-
sion spectra (IR) were recorded by using KBr
pellets on a Bruker IFS 66 IR spectrometer with a
DTGS detector and analysed with OPUS software.
The number of scans was fixed at 32 with a
resolution of 4 cmÿ1. Thermal gravimetric (TG) and
derivative thermal gravimetric (DTG) analyses of
kaolinite and organo-kaolinite were performed with
a TG-DSC apparatus (Setaram TG-DSC 111) under
air at heating rate of 5ºC minÿ1.
Preparation of the organo-clays
The intercalation of DMSO into the kaolinite
interlayer and the purification was performed
following Shu-qin Yang et al. (2012). 2.5 g of
kaolinite was added to a flask containing 15 mL of
DMSO. The mixture was stirred and refluxed for
12 h at 150ºC followed by aging at room
temperature for 12 h. The solid material was then
separated by centrifugation and washed several
times with isopropanol to eliminate the non-reacting
DMSO. The obtained solid was dried at 60ºC in an
oven. 1.5 g of the raw kaolinite (ArgB) or its clay
fraction (K-Mako) was dispersed in 90 mL of
toluene under magnetic stirring. Then 7.5 mL of
FIG. 1. Geological structure of the studied area.
APTES was added dropwise. The mixture was
stirred for 24 h under reflux and centrifuged and the
solid was dried 70ºC for 24 h. The raw material and
the clay fraction grafted with APTES were labelled
ArgB-APTES and K-Mako-APTES respectively.
The silanisation grafting reaction is schematically
represented in Fig. 2.
Sorption and intercalation of Pb(II)
Standard solutions of the desired Pb(II) concen-
tration were prepared by diluting a stock solution of
Pb(II) with concentration of 1 g Lÿ1. The stock
solution was obtained by dissolving Pb(NO3) in
distilled water. 0.1 g of clay (ArgB, K-Mako or
K-Mako-APTES) was added in a beaker containing
10 mL of aqueous solution of Pb(II), the initial
concentration of the Pb(II) solution varying from 5
to 60 mg Lÿ1. The mixture was stirred for
0ÿ90 min at ambient temperature and filtered.
The pH of the solution was adjusted to 6.5 using
either HCl or NaOH solutions. The concentration of
Pb(II) in the supernatant was determined by
ICP-OES and the absorbed quantities were calcu-
lated by subtracting the concentration of Pb(II) in
the supernatant liquid from the initial concentration.
RESULTS AND DISCUSS ION
Morphological characterization
The morphology of the clay fraction and a typical
EDS spectrum are shown in Figs 3 and 4,
respectively. The SEM micrographs show a
relatively homogeneous morphology consisting of
small, sometimes hexagonal, platelets of different
sizes, typical of kaolinite (Fig. 3a). The character-
istic randomly oriented platelets of kaolinite are
stacked on one another to form large grains of a
few micrometers size (Fig. 3b). The platelets and
the grains are partially coated with sub-micrometric
particles and debris that could originate from
broken plates or heterogeneous phases.
The EDS spectrum of the kaolin sample shows
the presence of Si and Al as main elements and Ti,
Fe, Ca, Mg and Na as minor ones (Fig. 4). The
intense Si peak could be ascribed to clay minerals
and possibly free SiO2 (vide infra) whereas Ti
probably results from anatase or rutile impurities.
Ca and Mg are likely to be due to carbonates such
as dolomite and/or calcite, while Fe is probably due
to the goethite as evidenced by XRD (see below).
X-ray diffraction analysis
XRD patterns of the natural clay (ArgB), its clay
fraction (K-Mako) and the organically modified
clays are presented in Fig. 5. The XRD pattern of
the raw clay (Fig. 5a) shows intense reflections due
to quartz (Q), which consequently appears to be the
most abundant impurity. The reflections observed at
7.15, 3.57 and 2.3 A˚ indicate the presence of a
second phase identified as kaolinite (Fig. 5b). This
attribution is supported by the disappearance of
these XRD peaks after heating the sample at 490ºC
(data not shown; Holtzapffel, 1985). Further
FIG. 2. Silanization grafting reaction of clay.
treatments with ethylene glycol and DMSO also
support this assertion. The treatment with ethylene
glycol (K-Mako-gly) did not change significantly
the XRD pattern of the clay fraction, except for a
slight broadening of the (001) reflection of kaolinite
(Fig. 5b). By contrast this (001) reflection was
strongly affected by the intercalation of DMSO
since this peak is shifted from 7.15 to 11.1 A˚. The
peaks at ~10 and 5.1 A˚ are due to illite, whereas
goethite was also identified. As a result, the raw
clay and the separated clay fraction is found to
consist of a mixture of kaolinite and quartz
associated with traces of illite and goethite. The
clay fraction grafted with APTES did not show
significant change of the basal spacing as the (001)
reflection of kaolinite remains unaffected (Fig. 5b).
However a broadening of this reflection was
recorded, which could be attributed to a slight
decrease of the particle size and to the APTES
grafting on the outer surfaces of kaolinite
(Nakagaki et al., 2004).
Elemental analysis
The chemical compositions of the raw clay
(ArgB) and its clay fraction (K-Mako) are reported
in Table 1. The results reveal that the raw clay
essentially consists of Si and Al. The amount of
iron oxide is also noticeable while the contents of
alkalis and alkaline-earth elements are low. The
significant iron oxide content explains the light
rusty colour of the raw clay sample. The
FIG. 3. SEM micrographs of the clay fraction (K-Mako sample) at different magnifications.
FIG. 4. EDS spectra of K-Mako sample. The silver detected at 3 keV originates from the conductive adhesive
used to fix the powder on the sample holder.
composition of the fine clay fraction is different
from that of the raw clay, characterized by a
significant increase of Al and a concomitant
decrease of Si.
Fourier Transform Infrared spectroscopy
The infrared absorption spectra of the clay
fraction (K-Mako) and the organo-clays (K-Mako-
DMSO and K-Mako-APTES) are shown in Fig. 6.
The band assignment has been made by comparison
with the data reported for kaolinite and organo-
kaolinite (Farmer & Russell, 1964; Ledoux &
White, 1964; Farmer, 1974; Beutelspacher, 1976;
Petit & Decarreau, 1990; Petit et al., 1995; Franco
et al., 2004). The bands located at 3696, 3669 and
3652 cmÿ1 on the K-Mako IR spectrum are the
typical signature of inner-surface hydroxyls of
kaolinite and the one at 3619 cmÿ1 is attributed
to the stretching frequency of the internal hydroxyl
groups (Famer & Russell, 1964). The broad bands
around 3400 and 1620 cmÿ1 are due to the
adsorbed water. The intense bands around
1030 cmÿ1 with two with shoulders around 1100
and 1005 cmÿ1 in the IR spectra of the K-Mako
specimen correspond to the stretching vibrations of
the SiÿOÿSi group. The band at 694 cmÿ1 is due
the bending mode of the same group. The band at
FIG. 5. XRD patterns of (a) the raw clay ArgB and (b) the clay fraction (K-Mako), the organically modified
samples (K-Mako-DMSO, K-Mako-Gly) and grafted samples (K-Mako-APTES).
TABLE 1. Elemental analysis of the clay fraction of Mako (wt.%).
SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 LOI Total
ArgB
K-Mako
79.03
46.87
6.90
24.61
3.33
4.62
0.01
0.02
0.67
0.85
0.56
1.06
0.13
0.06
0.15
0.38
0.61
1.25
0.13
0.10
7.65
20.60
99.17
100.42
910 cmÿ1, with a shoulder at 930 cmÿ1, and the
one at 540 cmÿ1 are related to AlÿOH and
Al(VI)ÿOÿSi bending vibrations, respectively
(Van der Marel & Beutelspacher, 1976; Petit &
Decarreau, 1990; Wilson, 1994; Saikia et al., 2003).
The presence of quartz in all the samples was
confirmed by the doublet around at 800 and
775 cmÿ1 (Vizcayno et al., 2010).
The IR spectra can commonly provide useful
information on the surface modification of the
kaolinite. In the case of intercalated DMSO organo-
clay the bands due to the inner surface hydroxyls
stretching are totally modified; these bands are
indeed influenced by interlayer modification. The
bands at 3541 and 3505 cmÿ1 are due to the
interaction between the DMSO and the inner
surface OH groups (Frost et al., 1998; Shu-qin et
al., 2012). The bands at 3027 and 2939 cmÿ1 are
assigned to the C–H stretching vibrations of
aliphatic CH2 and CH3 groups. These additional
bands in comparison with the non intercalated
kaolinite are consistent with the insertion of organic
functionalities onto the clay mineral.
The four bands between 1600ÿ1700 cmÿ1 due to
the internal and inner-surface hydroxyl groups, in
the IR spectrum of K-Mako-APTES, did not
undergo significant changes (Fig. 6). Therefore the
new bands appearing at 2930 and 2876 cmÿ1 are
assigned to the stretching vibrations of the aliphatic
CH3 and CH2 groups. The bands at 3291 and
1560 cmÿ1 are due nNÿH and dNÿH.
The FTIR spectra of the K-Mako sample and the
organo-clays show the characteristic bands of the
host materials, mainly composed of kaolinite and
those of the intercalated substances (Stathi et al.,
2007).
Thermal analysis
The TG and DTG curves of the K-Mako sample
are illustrated in Fig. 7a. The broad intense
endothermic peak at 506ºC corresponds to the
dehydroxylation of kaolinite. The peaks at 23, 152
and 260ºC are due to the removal of adsorbed water
molecules. The peak at 335ºC can be attributed to
the transformation of the goethite (FeOOH) into
a-Fe2O3 as was previously revealed by the XRD
pattern (Fig. 5). In the case of the modified
K-Mako-DMSO and K-Mako-APTES samples
prepared from the clay fraction (Fig. 7b, c), the
TG curves show several mass losses in the
temperature range 400ÿ700ºC. The non functiona-
lized clay K-Mako displays dehydroxylation of the
aluminol groups at ~506ºC and is indicated by a
single event while two or three events have been
observed in the case of the modified clays. The
characteristic temperatures at which the rate of
mass-change is maximum were observed at 458,
551 and 688ºC for the K-Mako-DMSO and at 620
and 667ºC for K-Mako-APTES samples. This
provides evidence for the presence of different
types of hydroxyl groups in the organo-clays. The
thermal event at ~688ºC in the two modified
samples could arise from OH interacting via
strong hydrogen bonds with the guest reagent
(APTES or DMSO). In the organo-clays the
FIG. 6. FTIR spectra of samples (a) K-Mako, (b) K-Mako-DMSO, (c) K-Mako-APTES showing the presence of
n(C–H) at ~2900 cmÿ1 in modified samples.
dehydration occurs in the 50ÿ150ºC range, with
little weight loss compared to the natural clay. The
weight loss between 150 and 400ºC is attributed to
the presence of an organic radical in the clay as
noted in some intercalated kaolinites (Tonle et al.,
2007; Shu-qin et al., 2012).
Sorption of Pb(II)
Clay minerals may form complexes with metals
via the silanol and aluminol groups at their edges
(Erdemoglu et al., 2004). Silanisation reactions
were conducted to incorporate amino ligands on
kaolinite and to enhance its complexation capacity
(Fig. 2). In order to optimize the sorption capacity
of clays and organo-clays towards heavy metal
cations, the effect of contact time and initial
concentration of Pb(II) on the adsorption of Pb(II)
ions into clays was studied. Adsorption of Pb(II)
onto various materials has been systematically
studied in the past and shown to depend on the
pH (Pagenkopf, 1978; Ikhsan et al., 1999; Srivasta
et al., 2005; Oyenedel-Craver & Smith, 2006).
Erdemoglu et al. (2004) have shown that the Pb(II)
adsorption was not measurable for pH values
between 2 and 3, and that it increased considerably
to reach a maximum at pH 6.5 before decreasing at
pH 6.5ÿ10. Polymeric hydroxo complexes of lead,
for instance Pb(OH)3
ÿ, Pb(OH)2, Pb3(OH)4
2+,
Pb4(OH)4
4+, Pb6(OH)8
4+, are formed in this last pH
range. The removal of Pb(II) species up to pH 6 is
essentially due to adsorption and hydroxide
precipitation processes (Huang & Fuerstenau,
2001). The pH was fixed at 6.5 following
Erdemoglu et al. (2004), who suggested that the
adsorption is largely predominant on the hydroxide
precipitation at pH ~6.5. In addition, the precipita-
tion of the first lead hydroxide Pb(OH)+ complex
with stability constant log K = 5.88) occurs between
pH 6.5 and 7.
Figure 8 shows the kinetic adsorption curves
obtained with a constant amount of adsorbent as a
function of the contact time. The time-dependent
behaviour of Pb(II) uptake was examined by
varying the contact time between the Pb(II) ions
and the clay samples (ArgB, K-Mako, K-Mako-
APTES) between 10 and 160 min (Fig. 8). The
amount of Pb(II) ion adsorbed on ArgB and
K-Mako-APTES clays increased rapidly for
contact times of 0ÿ30 min and then remained
almost constant, whereas in K-Mako it continued
increasing slightly up to 90 min before reaching a
plateau corresponding to equilibrium. Therefore, a
60 min contact time was found appropriate for
maximum adsorption and it was used in all
subsequent experiments. The amount of Pb(II)
uptake clearly increases in the order: ArgB (60%)
< K-Mako (70%) < K-Mako-APTES (90%).
Figure 9 shows the influence of the initial
concentration on the adsorption of Pb(II) from the
aqueous solution for a contact time of 60 min. The
retention rate (R) was calculated from the following
equation:
R (%) = [(C0 ÿ Ce)/C0]6100 (1)
FIG. 7. TG and DTG curves of (a) K-Mako,
(b) K-Mako-DMSO and (c) K-Mako-APTES samples.
where C0 and Ce are the initial and final Pb(II)
concentration (mg Lÿ1)
The adsorption reaches a maximum value for
approximately 10 mg Lÿ1, and then it decreases very
slightly (Fig. 9). For this Pb(II) concentration the K-
Mako-APTES sample adsorbs about 88%, the fine
fraction K-Mako 65% and the raw clay ArgB sample
about 59%. For higher initial concentrations the trend
remains the same since the adsorption decreases very
slightly with the same slope for each sample.
The experimental adsorption results were
described by the Langmuir adsorption model (Do,
1998) based on equation 2:
qe ¼
XmaxbCe
1þ bCe
ð2Þ
FIG. 9. Effect of initial Pb(II) concentration of the aqueous solution on the adsorption of Pb(II) ions on samples
ArgB, K-Mako and K-Mako-APTES for contact time of 60 min.
FIG. 8. Effect of contact time on the adsorption of Pb(II) ions on samples ArgB, K-Mako and K-Mako-APTES for
an initial Pb(II) concentration of 10 mg Lÿ1
or its linear form:
Ce
qe
¼
1
Xmaxb
þ
Ce
Xmax
ð3Þ
where qe is the amount of Pb(II) adsorbed per
weight unit of clay (mg/g), Ce is the equilibrium
concentration of Pb(II) in solution after adsorption
(mg Lÿ1), Xmax and b are the Langmuir coeffi-
cients. Xmax represents the maximum adsorption
capacity (mg gÿ1) and b is an empirical Langmuir
constant (L mgÿ1). According to equation (3), the
Langmuir coefficients (Xmax and b) can be
calculated from the plot of Ce/qe as a function of
Ce. The slope of the straight line obtained is equal
to 1/Xmax and the intercept is 1/(Xmaxb). Figure 10
shows good linear Langmuir behaviour for ArgB,
K-Mako and K-Mako-APTES samples, confirming
that this model describes adequately the adsorption.
From the values of C0 and b the separation factor
RL was determined according to:
RL = 1/(1 + bC0) (4)
The data are reported in Table 2 for an initial Pb(II)
concentration C0 = 5 mg L
ÿ1. All the RL values
indicate that the isotherms are irreversible and the
adsorption of Pb(II) on the clays from Mako is a
favourable process to remove the metal from
contaminated solutions (Erdemoglu et al., 2004).
Interestingly, the maximum amount of Pb(II) uptake
(Xmax) is approximately three times higher for the
organically modified clay K-Mako-APTES (3.02 mg gÿ1)
compared to the raw clay sample (0.99 mg gÿ1).
However the modified kaolinite adsorption capacity is
still low in comparison with other materials such as
activated carbon (21.80 mg gÿ1 at pH = 6, T = 303 K)
and GMZ bentonite (23.83 mg gÿ1 at pH = 5.2, T =
293 K) (Rao et al., 2009; Wang et al., 2009).
FIG. 10. Langmuir adsorption isotherms for the removal of Pb(II) from aqueous solutions using samples ArgB, K-
Mako and K-Mako-APTES.
TABLE 2. Langmuir parameters (Xmax, b) and RL values determined from Fig. 10 and the equations given in the
text.
Clay sample Xmax (mg/g) b (L/mg) Correlation (%) RL
ArgB 0.99 23.16 0.99 0.88
K-Mako 1.46 12.62 0.99 0.01
K-Mako-APTES 3.02 16.35 0.99 0.01
CONCLUS IONS
The raw clay material from the Mako area, Senegal,
is essentially composed of kaolinite with minor
quartz and traces of illite and goethite as was proved
by XRD, SEM-EDS FTIR and TG-DTG analyses.
Organic hybrid material was prepared from the clay
fraction of this clay following grafting with the
organo-silane reagent APTES. The initial clay
fraction and new organo-clay hybrid materials have
been used as adsorbents for the removal of Pb(II)
from aqueous solutions. Langmuir isotherms were
used to model the adsorption of Pb(II) ions on clays
at equilibrium. The maximum amount of Pb(II)
uptake at room temperature (Xmax) was 0.99 mg g
ÿ1
for the raw clay (ArgB), 1.46 mg gÿ1 for its clay
fraction and 3.02 mg gÿ1 for the organically
modified clay (K-Mako-APTES), i.e. three times
greater than the raw clay. Adsorption reaches a
maximum at room temperature after about 30 min
for an initial Pb(II) concentration of 10 mg Lÿ1.
The clay material extracted from the Mako
sample might be chemically functional and have
applications as a heavy metal absorbent. Without
reaching the adsorption performance of other clays
such as bentonites, this chemically modified natural
kaolinite material represents an interesting way of
valorization of a natural and low cost clay, since its
properties might further be optimized. Although
economic criteria were not taken into account in
this study, chemical modifications could be used to
produce new adsorbents for the treatment of
wastewater containing toxic heavy metals since
this clay is abundant and cheap in this area of
Senegal.
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